Background: Snoring is frequently associated with obstructive sleep apnea (OSA). Previous studies have shown that bone mineral density was significantly lower in patients with OSA than in controls; however, these studies did not focus on fractures. Fragility fractures can lead to long-term disabilities and a decrease in quality of life. The present study aimed to investigate the association between snoring and fragility fractures.
Background
Fragility fractures are a major and increasingly common cause of morbidity, and they pose a considerable burden on healthcare systems [1] . Moreover, most osteoporosisrelated fractures can lead to significant long-term disabilities and a decrease in the quality of life [2, 3] . Screening for low bone mineral density (BMD) using dual-energy X-ray absorptiometry (DXA) is an accepted strategy to identify people with an elevated risk of fragility fracture. However, mass screening with DXA in the general population, without pre-screening for highrisk individuals, is generally not recommended [4] . Moreover, people who have not experienced fractures may not recognize the necessity of having their BMD measured; therefore, people with osteoporosis may not realize that their BMD is low before fragility fractures actually occur. Thus, it is important to identify risk factors for fragility fractures that can be easily assessed without special examination.
Obstructive sleep apnea (OSA) syndrome is a common disorder characterized by recurring episodes of apnea or hypopnea due to total or partial pharyngeal collapse during sleep [5] . Previous studies have reported on the risk of osteoporosis in patients with OSA. A previous retrospective study of 66 chronic obstructive pulmonary disease (COPD) patients found that lumbar spine BMD was significantly lower in COPD patients with OSA than in COPD patients without OSA [6] . Additionally, a 6-year retrospective cohort study of 1377 OSA patients and 20,655 matched controls found that the risk of osteoporosis was 2.52-fold higher in the OSA patients than in the matched controls [7] . Moreover, a 10-year retrospective cohort study of 846 OSA patients and a control group of 89,380 people with no sleep disorders found that OSA patients had an adjusted hazard ratio of 2.98 for osteoporosis when compared with the control group [8] . Furthermore, a cross-sectional study of 26 male OSA patients and 21 male participants without OSA showed that the spine and femoral neck BMDs were significantly lower in the OSA patients than in the participants without OSA [9] .
Snoring is frequently associated with OSA, and patients who initially have only primary snoring may be at risk for the future development of OSA with increasing age or weight gain [10] . However, the above-mentioned previous studies focused on BMD and not fragility fractures. Moreover, studies on the association between snoring and fragility fracture risk are rare. Therefore, the objective of the present study was to investigate the association between snoring and fragility fractures in elderly people using data obtained in a cohort study performed in Korea.
Methods

Study population
Two communities were selected for the Korean Health and Genome Study (KHGS) in 2001; the Ansung and Ansan cohorts represented rural and urban communities, respectively. This is an ongoing prospective study involving a biennial examination. Detailed information on the study design and procedures has been published previously [11] . At each visit, informed written consent was obtained from all participants. Initial data were obtained from the 10,030 subjects who participated in the Ansung and Ansan cohort studies. The fifth and sixth follow-up examinations collected data related to fractures. Among the 10,030 subjects, 2982 did not participate in the fifth and sixth follow-up examinations and were thus excluded. Among the remaining 7048 subjects, 859 subject had missing data. These subjects were excluded from this study. Therefore, 2969 men and 3220 women were finally included in this study (Fig. 1) . The institutional review board of the Yonsei University Health System approved the protocol of this study (No. 4-2016-0572 ).
Selection of fracture events
Fracture events were recorded using a standardized selfadministered questionnaire. In this study, we only included fracture events that occurred when the participants fell while walking or while performing activities of daily living. Fractures clearly caused by high-trauma events, such as motor vehicle accidents, violence, and falls from more than the standing height of the individual, were excluded [12] . In addition, we considered fracture events from all sites.
Clinical risk factors
Information on the presence of snoring was obtained using a questionnaire administered face to face. One of the questions asked was "Have you ever been told that you snored? If so, how many nights per week? The response options were "rarely," "1-3 times a week," "4-5 times a week," and "6-7 times a week." Another question asked was "Have you ever been told that your snoring disturbed a person's sleep in next room?" The incidences of fractures in women were 7.4% (n = 103) among those who did not snore, 8.4% (n = 108) among those who rarely snored, 9.5% (n = 15) among those who snored 1-3 times a week, 8.6% (n = 8) among those who snored 4-5 times a week, and 13.7% (n = 39) among those who snored 6-7 times a week. Based on the statistical analysis for optimal criterion of snoring frequency, snoring frequency was classified into the following 3 groups: non-snoring, snoring (1-5 nights per week), and severe snoring (6-7 nights per week or sleep disturbance by snoring in the next room). In this study, the covariates for fracture included age, weight, height, body mass index, waist circumference, hip circumference, regular exercise, alcohol consumption, lifetime smoker, history of previous fracture, family history of osteoporosis or fracture, degenerative arthritis, rheumatoid arthritis, hypertension, diabetes mellitus, medications for osteoporosis, years since menopause, estrogen therapy, and BMD. Regular exercise was defined as engaging in any of a variety of activities for the purpose of exercise at least once per week. The smoking and alcohol consumption variables were smoking status (never, former, or current) and alcohol consumption status (never, former, or current), respectively. The number of years since menopause was defined as "0" for premenopausal subjects and was the actual value for postmenopausal subjects.
Quantitative ultrasound (qUS) measurements of BMD at the radius and tibia were performed using the Omnisense 7000 device (Sunlight Medical, Ltd., Rehovot, Israel) with a handheld probe specifically designed for the measurement of the axial speed of sound (SoS, m/s) along the surface of bone [12] . In addition, T and Z scores were calculated in both the radius and tibia.
Statistical analysis
The characteristics of the study participants are reported as mean ± standard deviation (SD) for continuous variables and as number (%) for categorical variables. In order to evaluate the association between each of these variables and the fragility fracture risk, analysis of variance (ANOVA) was performed for each continuous variable and the chi-square test was performed for each categorical variable.
Cox regression was performed to investigate whether snoring was associated with an increase in the risk of fragility fractures. Among the Cox regression analysis results, hazard ratios and 95% confidence intervals were reported. The survival time was defined as the time interval between the first examinations (2001) and the first fragility fracture since the first examinations. Nonfracture cases were censored at the time of the sixth follow-up examinations (2011). First, crude univariate Cox regression was performed without controlling for any covariate. Second, Cox regression analysis was performed after controlling for age, weight, height, waist circumference, hip circumference, regular exercise, alcohol consumption, lifetime smoker, history of previous fracture, family history of osteoporosis or fracture, degenerative arthritis, rheumatoid arthritis, hypertension, diabetes mellitus, years since menopause, estrogen therapy, and qUS measurements at the radius and tibia. Third, a Cox regression model with backward stepwise elimination was used to restrict adjustment for confounding factors with a threshold of p = 0.1. The Cox regression model proportionality of hazard assumption was verified using the log-minus-log method (LML) and time-dependent coefficients.
Finally, Kaplan-Meier analysis was performed in the non-snoring, snoring, and severe snoring groups, and the log-rank test was performed to check for statistically significant differences among these 3 groups. All statistical analyses were two-sided and were performed using SPSS 23.0 (IBM Corp., Armonk, NY). A p-value <0.05 was considered statistically significant.
Results
Clinical characteristics of fractures
The mean (SD) survival time of the study population was 9.5 (1.3) years for women. During the follow-up period, 273 women (8.5% of all women) experienced fractures. Among these 273 fracture cases, 52 (19.0% of all fracture cases) involved the hip, 14 (5.1%) vertebrae, 33 (12.1%) wrist, 3 (1.1%) coccyx, 16 (5.9%) humerus, 17 (6.2%) forearm, 25 (9.2%) rib, 80 (29.3%) lower limb, 1 (0.4%) clavicle, and 32 (11.7%) other locations. The mean (SD) survival time of the fracture cases was 6.6 (2.4) years. The mean (SD) survival time of the study population was 9.6 (1.1) years for men. During the follow-up period, 129 men (4.3% of all men) experienced fractures (Additional file 1: Table S1 ).
The results of ANOVA and the chi-square test suggested that age, weight, height, body mass index, waist circumference, hip circumference, degenerative arthritis, rheumatoid arthritis, hypertension, diabetes mellitus, years since menopause, SoS at the radius, T and Z scores of the radius, SoS at the tibia, and T and Z scores of the tibia were significantly different between the non-snoring, snoring, and severe snoring groups in women (Table 1) .
Hazard ratios for fracture
When the non-snoring group was used as the reference group, the snoring and severe snoring groups in women had hazard ratios of 1.14 and 1.97, respectively, in the crude Cox regression model (Table 2) . After adjusting for all covariates, the fracture risk was 1.68-fold higher in the severe snoring group than in the non-snoring group (model 2). Moreover, the Cox regression model (model 3) with backward stepwise elimination showed that the fracture risk was 1.68-fold higher in the severe snoring group than in the non-snoring group. However, the snoring group did not show a significant association with the fracture risk in all the models. In both models 2 and 3, severe snoring, height, waist circumference, hip circumference, family history of osteoporosis or fracture, rheumatoid arthritis, and medications for osteoporosis were selected as risk factors for fractures in women. However, both the snoring and severe snoring groups did not show significant associations with the fracture risk in men (Additional file 1: Table S2 ).
Kaplan-Meier survival analysis and log-rank test
We performed Kaplan-Meier analyses and log-rank tests to evaluate the association between snoring and fracture risk in women (Fig. 2) . The log-rank test results indicated that the fracture risk was significantly higher in the severe snoring group than in the non-snoring group (p < 0.001).
Discussion
In this study, female participants with severe snoring had a statistically significant increase in the fracture risk, even after adjusting for covariates. To the best of our knowledge, the present study is the first to investigate the association between snoring and fragility fractures using data from a 10-year cohort study. Information about snoring can easily be obtained with history taking, and it does not require medical examinations, such as DXA. Thus, we expect that collecting information about snoring may be an inexpensive and simple approach to help increase the accuracy of the prediction of fragility fracture events. Furthermore, if future studies identify the exact mechanism by which snoring increases the fragility fracture risk, treatment of snoring may become an accepted approach to reduce the fragility fracture risk. This study showed that snoring was significantly associated with fragility fractures in women aged 40 years and older. Although few if any previous studies have specifically investigated the association between snoring and fragility fractures, several previous studies have analyzed the osteoporosis risk in OSA patients [6] [7] [8] [9] . Snoring has been reported to be frequently associated with OSA [10] . Moreover, Jennum et al. demonstrated that snoring was associated with the respiratory distress index, which was calculated as the number of apnea and hypopnea episodes lasting longer than 10 s per hour [13] . However, the authors mentioned that self-reported snoring alone was not sensitive enough to identify individuals with sleep apnea [13] . The repetitive hypoxia and subsequent reoxygenation that occur in OSA may lead to oxidative stress, which may result in acidosis because of insufficient vascular perfusion [7] . Furthermore, hypoxia may inhibit the proliferation of osteoblasts and promote proliferation of osteoclasts, resulting in osteoporosis [7, 14] . A decrease in BMD caused by the above-mentioned mechanisms may increase the fragility fracture risk in the elderly.
Suzuki et al. investigated the association between sleep disturbance and hip fracture risk, which may provide more insights into the association between snoring and an increase in the fracture risk [15] . In that study, the authors followed participants for 6 months and reported that there was a significant association between sleep disturbance and hip fracture risk (odds ratio 2.60, 95% confidence interval 1.31-5.17) [15] . Sleep disturbance may increase the fracture risk in the elderly by decreasing the alertness level during the daytime and thus increasing the risk of falling [15] . However, further studies are needed to investigate the exact association between snoring and fragility fracture risk.
Zhang et al. demonstrated the associations between insomnia and falls using cross-sectional data (954 subjects) in Boston, Massachusetts [16] . Adults with insomnia had a 32% increased likelihood of falls after adjustment for multiple covariates, but insomnia was not associated with recurrent falls or fractures. The authors also assessed snoring and falls; however, there was no significant difference. The study for insomnia and falls involved only 2 years of follow-up data. A longer follow-up duration is required for fractures. Moreover, Upala et al. performed a systematic review and meta-analysis of 9 articles to evaluate the association between OSA and the risk of osteoporosis [17] . Their analysis did not find a significant association between osteoporosis and OSA or a difference in bone loss between the groups.
The present study has 4 limitations. First, we did not investigate the OSA of subjects using polysomnography; therefore, the definition of severe snoring in this study was not experimentally verified. However, information about snoring, which can easily be obtained with simple questions, could be useful in pre-screening for fragility fractures. Second, BMD was not measured with DXA. However, qUS has been shown to be a fairly accurate method for measuring BMD [18] , and therefore, qUS is being used in the clinical setting along with DXA. Third, fracture history was not obtained from official medical records maintained by physicians but was obtained from survey results, which relied on the memory of the respondents. Moreover, the memory of the respondents about fractures was retrospective up to a 10-year lag, and fracture time was asked by the year. Fourth, this cohort study was designed to investigate the genome-wide association and associated risk factors of chronic disease in urban and rural Koreans; therefore, it might be difficult to extend our findings to the general population. Moreover, there were unmeasured confounders for snoring and fractures, such as mental status, insomnia disorders, dairy product consumption, and pregnancy information.
Conclusions
This study showed that snoring is significantly associated with fragility fracture risk in women aged 40 years and older. Snoring may be associated with a decrease in Fig. 2 The cumulative hazard rates of fractures and the log rank values for the non-snoring, snoring, and severe snoring groups in women
